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ABSTRACT  

The phenomenon of polled on Bali cattle should have a scientific explanation that explains 
the validity of the breed. Whether Bali polled cattle still have a genetic relationship with Bali 
horns cattle or are the results of crosses with other cattle breeds remain unclear. This study 
used microsatellite markers to identify some of the genetic diversity and relationship 
between Bali polled and Bali horn in cattle. Samples of 40 polled and 189 horned Bali cattle 
aged 2.5-3.5 years old were used in this study. Research data analysis includes: genotype 
and allele frequencies, Hardy Weinberg Equilibrium analyze, observed and expected 
heterozygosity values, and polymorphic informative content. Results showed that Bali polled 
cattle have similarity genetic characteristics with Bali horn cattle based on HEL9, INRA035, 
ILSTS045, and HEL13 microsatellites. HEL9, INRA035, ILSTS045, and HEL13 microsatellite can 
be a genetic marker for Bali polled cattle. 
Keywords: Bali polled cattle, genetic similarity, microsatellite, specifics traits, genetic marker 

INTRODUCTION 

Bali Polled cattle are cattle whose horns do not grow naturally. The phenomenon of not 
growing horns in Bali cattle is still being investigated whether it is a result of a genetic mutation 
or the result of crossing with other cattle breeds. Bali cattle is an Indonesian domestic livestock 
originating from domesticated wild Banteng (Bibos banteng), Bos javanicus, Bos sondaicus [1] 
have a distinctive genetic characteristic. This condition makes Bali cattle different from other 
cattle breeds in the world. A variant of Bali polled cattle that had been identified earlier might 
be naturally hornless progenies of homozygous generations [2]. 

Before cattle were domesticated, horn function is essential for the survival of wild 
species [3]. This function is mainly as an instrument in defending against other animal threats 
[4]. Horns have a function related to the behavior patterns of cattle, the presence of horns is 
related to the quality and quantity of social interactions and social relationships in a cattle 
population. The phenomenon of not growing horns in cows is categorized under two 
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conditions, 1) it is said to polled if the horns do not grow naturally and 2) the condition of the 
scurs, which is the non-growth of horns caused by failure to join the core of the hornbones with 
the skull [5], [3]. 

 
Figure 1. Bali polled cattle at Faculty of Animal Science Laboratory, Hasanuddin University 

Development of beef cattle in the world today lead to the development of cattle 
without horns (polled), due to several advantages, especially in the field of maintenance 
management excellence. Most of beef cattle and dairy cattle in the world have implemented a 
maintenance model in pasture, so that the presence of horns is considered to have a relatively 
small value, and even tends to give a considerable economic loss impact due to a higher risk of 
injury (infection, damage carcass, etc.) [3]. Several countries have implemented animal welfare 
related to dehorning, so that breeding polled cattle is more profitable. In Simmental cattle, 
have been many efforts to produce pure nation polled Simmental through a selection of 
traditional phenotypic. This effort has taken 25 years [6]. 

Bali cattle as one of the local cattle in Indonesia basically have horns, both male and 
female. Bali cattle males have horns of different sizes with females; males generally are 20 to 
25 centimeters, while the females are shorter than male-owned horn [1]. The phenomenon of 
polled on Bali cattle should have a scientific explanation that explains the validity of the breed. 
Whether Bali polled cattle still have a genetic relationship with horns cattle or are the results of 
crosses with other cattle breeds. This study used microsatellites markers to identify the genetic 
diversity and relationship between Bali polled andBali horns cattle. 

MATERIALS AND METHODS 

The research was conducted at the integrated biotechnology laboratory and Maiwa 
Breeding Center, Faculty of Animal Husbandry, Hasanuddin University in November 2016-
November 2017. The number of Bali cattle samples was 40 Bali polled and 189 Bali horns. The 
age of the study sample was 2.5-3.5 years.  
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Amplification of Microsatellite Markers 

Genetic material comes from DNA samples taken from whole blood. The DNA was 
isolated and purified using the Gene jet Genomic DNA Extraction (Thermo Scientific) DNA 
extraction kit following the extraction protocol provided. 

The composition of the PCR reaction was conditioned at 25μl reaction volume consisting 
of 100 ng DNA, 025 mM each primer, 150uM dNTP, 2.5 mM Mg2+, 0.5 U Taq DNA polymerase 
and 1x buffer. The PCR machine conditions began with initial denaturation at 94° C for 2 
minutes, followed by the next 35 cycles each with denaturation of 94° C for 45 seconds, with 
the annealing temperature for each microsatellite presented in Table 1, then continued with 
extension: 72oC for 60 seconds, ending with one final extension cycle at 72oC for 5 minutes 
using a PCR machine (Senso Quest, Germany). PCR product analysis and detection of 
microsatellite alleles were carried out by electrophoresis on 10% polyacrylamide gel and 
staining with silver [7].  

Table 1. Sequence and Primer Size of Microsatellites 

Name of 
Microsatellite 

Primer Sequence (5’-3’) 
Anneling 

(°C) 
Size (bp) Reference 

HEL9 F: CCCATTCAGTCTTCAGAGGT 

R: CACATCCATGTTCTCACCAC   
55 143-165 [8] 

INRA035 F: ATCCTTTGCAGCCTCCACATTG  

R: TTGTGCTTTATGACACTATCCG  
55 120 [9]  

ILSTS045 F: TTCTGGCAAACTATTCCACC 

R: CATGAAAGACACAGATGACC 
57 144-198 [10]  

HEL13 F: TAAGGACTTGAGATAAGGAG 

R: CCATCTACCTCCATCTTAAC 
55 174-204 [11]  

ILSTS017 F: GTCCCTAAAATCGAAATGCC 

R: GCATCTCTATAACCTGTTCC 
60 105-125 [10]  

F = Forward, R = Reverse 

Data Analyses 

Genotypic Study 

The value of the genotype, allele frequencies, and Hardy Weinberg Equilibrium (HWE) 
value were calculated by the following formula: Genotype and Allele Frequencies [12]. 

𝑥𝑖𝑖 =
𝑛𝑖𝑖

𝑁  
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𝑥𝑖 =  2𝑛𝑖𝑖 +  𝑛𝑖𝑖 /2𝑛 

Where xii = frequency of genotype ii; xi = frequency of aleli; nii = total individuals with genotype 
ii; nij = total individuals with genotype ij; and N = population size. 

Hardy Weinberg Equlibrium (HWE) [13]. 

𝑥2 =  
 𝑂𝑖 − 𝐸𝑖 

2

𝐸𝑖
 

Where χ2 = chi-square; O = total of observations genotype to-i; E = total of genotype to 
expectations to-i. 
The observed and expected heterozygosity values were calculated as follow [14]:  

𝐻𝑒  = 1 −  𝑋𝑖
2

𝑛

𝑖=1

 

𝐻𝑜 =  
𝑁1𝑖𝑗

𝑁
𝑖≠𝑗

 

Where He is the expected heterozygosity; Ho is the observed heterozygosity; Xi is the frequency 
of ith allele; Nij is the number of heterozygote sample; and N is the number ofobservation. 
The polymorphic informative content was calculated as follows [14]: 

𝑃𝐼𝐶 =  1 − 𝑋𝑖
2 −

𝑛

𝑖=1

  𝑋𝑖
2

𝑛

𝑗=𝑖+1

𝑋𝑗
2

𝑛−1

𝑖=1

 

Where PIC is polymorphic informative content; Xi is the frequency of ith allele; and Xj is the 
frequency of jth allele. 

RESULTS AND DISCUSSIONS 

The results of this study are shown in Figure 2 to Figure 6 and Table 2 and Table 3. All 
five microsatellites using in this study showed polymorphism for evaluating genetic variation 
within breed and exploring genetic differences between breeds (Figure 2-6). There two 
genotypes are found at microsatellite HEL9 in Bali polled cattle (AA and BB genotype), but BB 
genotype was found only in Bali polled cattle (Figure 2and Table 2). The results HEL9 
amplification using microsatellite markers showed the highest frequency of the AA genotype 
(homozygous). Bali Polled cattle are 0.909 while horns are 1.000 (monomorphic).The highest 
genotype frequency in INRA035 microsatellite is found in AB genotype where Bali polled cattle 
are 1.000 while Bali horns cattle are 0.944 (Figure 3 and Table 2).Different results are found in 
the ILSTS017 microsatellite, where the GJ genotype (frequency 0.326) is only found in Bali horns 
cattle (Table 2). 
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Figure 2.  Microsatellite HEL9 Amplification Results; M=Marker; Po=Polled, Hn=Horned; AA=AA 

Genotipe (144 bp) 

 
Figure 3. Microsatellite INRA035 Amplification Results; M=Marker; Po=Polled, Hn=Horned;   

AA=AA Genotipe (113 bp); AB=AB Genotipe (113 and 117 bp) 

HEL9 and INRA035 microsatellites have been used to identify similarity of Banteng and 
Bali cattle [20]. In Bali polled cattle there are some alleles that have low frequency. At HEL9 
locus in Bali horns cattle, highest frequency is found at A allele (1.000) be categorized as 
monomorphic. At A allele in Bali polled cattle, cannot be categorized as monomorphic, because 
the frequency is only 0.909 or 90.9%. If the number of allele is ≥0.95, then this allele can be 
categorize as monomorphic and specific [13], [20]. The high frequency in A allele at HEL9 locus 
in both of Bali polled and Bali horns cattle indicates that are identical. The identical A allele at 
HEL9 locus in Bali cattle are found in other research in Bali cattle [19],[24],[25]. 
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Figure 4. Microsatellite ILSTS045 Amplification Results; M=Marker; Po=Polled, Hn=Horned; 

BE=BE Genotipe (176&188 bp); AD=AD Genotipe (174 and 180 bp); DE=DE Genotipe 
(180 and 188 bp) 

 
Figure 5. Microsatellite HEL13 Amplification Results; M=Marker; Po=Polled, Hn=Horned; FN=FN 

Genotipe (182 and 200 bp) 

On the other hand, AB genotype at INRA035 locus is identified that the highest 
genotype frequency in Bali polled and Bali horns cattle. The AB genotype is heterozygous and 
same results were found in other research in Bali cattle [20],[24],[25]. Two alleles at INRA035 
locus, A and B alleles be categorized as polymorphic in Bali cattle. The breed of cattle that also 
has C allele at INRA035 locus is Madura and Ongole [20]. The A and B alleles at INRA035 locus 
be categorized specific alleles and that are identical in Bali cattle. 

The similar condition is found in the ILSTS045 and HEL13 microsatellites where the 
highest frequency is found in the BE and FN genotypes (Figure 4, 5, and Table 2). There are four 
alleles in ILSTS045 microsatellite, A-B-D-E alleles were found in Bali polled and Bali horns cattle. 
Both of Bali polled and Bali horns cattle, the high frequency allele is E and then B (Table 2). At 
genotype frequency, BE genotype has high frequency. There is similarity in Bali polled and Bali 
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horns cattle about dominant (high frequency) allele and genotype. That is indicated that Bali 
polled and horns cattle has the same identical allele and genotype in ILSTS045 microsatellite.  
 

 
Figure 6. Microsatellite ILSTS 017 Amplification Results; M=Marker; Po=Polled, Hn=Horned; 

GJ=GJ Genotipe (119 and 125 bp); DI=DI Genotipe (113 and 123 bp) 

Identification of DNA similarity Bali polled cattle conducted to determine the genetic 
relationships with Bali horns cattle (Table 2 and 3).  At HEL13 there are two alleles and two 
genotypes. FN genotype in Bali polled cattle ispolymorphic because the frequency is ≤0.95. 
Whereas, FN genotype in Bali horns cattle is monomorphic (0.989). The HEL9, INRA035 and 
HEL13 microsatellites are recommendation from FAO for the analysis of genetic distances 
within each domestic animal species [26]. There is similar condition is found in Bali polled and 
Bali horns cattle, that FN genotype is dominant genotype. These conditions describe that polled 
and horned Bali cattle are identical. 

Bali polled and Bali horns cattle show a close genetic relationship seen from the high 
frequency of the same genotypes and alleles (HEL9, INRA035, ILSTS045 and HEL013). ILSTS017 
microsatellite in polled cattle was monomorphic. Dominant allel in four microsatellites have 
similarity. Dominant allele in polled cattle were found in Bali horns cattle. The use of several 
molecular markers (DNA Markers) such as microsatellites has now been able to identify 
differences between one livestock breed and another, especially in relation to efforts to 
preserve and identify the similarity of these breeds. Microsatellites are the best and important 
choice for the characterization of cattle lines or populations [15], [16]. 

The genetic markers are often used to answer questions related to genetic diversity and 
genetic relationships among populations of cattle [16], [17], [18]. Microsatellite loci used in this 
study are microsatellites that are often used to identify genetic diversity, characterization and 
genetic relationships in local cattle [15], [20]. The results of amplification of HEL9 
microsatellites (genotype AA) and INRA035 (genotype AB) were not only found in Bali cattle but 
also in Banteng (Bibos banteng) as the domestication parents of Bali cattle [20]. 
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Table 2. Genotype and Allele Frequencies of Bali Polled and Bali Horns Cattle Microsatellites 

Microsatellite Marker Allele Frequencies Genotype Frequencies 

HEL9 (Polled) A (0.909) AA (0.909) 

 
B (0.091) BB (0.091) 

HEL9 (Horned) A (1.000) AA (1.000) 

 
B (0.000) BB (0.000) 

INRA035 (Polled) A (0.500) AA (0.000) 

 

B (0.500) AB (1.000) 

 

 

 
BB (0.000) 

INRA035 (Horned) A (0.494) AA (0.022) 

 
B (0.506) AB (0.944) 

 

 

 
BB (0.034) 

ILSTS045 (Polled) A (0.091) AD (0.182) 

 
B (0.364) BE (0.727) 

 
D (0.136) DE (0.091) 

 
E (0.409) 

  
ILSTS045 (Horned) A (0.084) AD (0.169) 

 

B (0.360) BE (0.719) 

 
D (0.140) DE (0.112) 

 

E (0.416) 
  HEL 13 (Polled) F (0.545) FF (0.091) 

 
N (0.455) FN (0.909) 

HEL 13 (Horned) F (0.506) FF (0.011) 

 
N (0.494) FN (0.989) 

ILSTS 017 (Polled) D (0.500) DI (1.000) 

 

G (0.000) GJ (0.000) 

 

I (0.500) 
  

 
J (0.000) 

  ILSTS 017 (Horned) D (0.337) DI (0.674) 

 
G (0.163) GJ (0.326) 

 
I (0.337) 

    J (0.163)   
  

FAO has specified a minimum of four distinct alleles per locus for proficient judgment of 
genetic differences between breeds [21]. In this study of the five microsatellites is used, 
whereas four microsatellites have same at dominant alleles condition (frequency) in polled and 
horned Bali cattle. The result indicates that the alleles of polled and horned Bali cattle are 
identical. The heterozygosity value of both observed heterozygosity (Ho) and expected 
heterozygosity (He) is an accurate way to measure genetic variation. 



Zulkharnaim et al./Hasanuddin J. Anim. Sci. 4(2):125-135                                                                               133 
 
 

 

 

Table 3. Information of Analyzed Markers in The Polled and Horned Bali Cattle 

Microsatellite 
Marker 

Observed Size 
Range (bp) 

nA FNA Ho He HWE PIC 

HEL9:  
1. Polled 143-165 2 0.909 (A) 0.000 0.165 0.333 0.152 
2. Horned 1.000 (A) 0.000 0.000 1.333 0.000 

INRA035:  
1. Polled 120 2 0.500 (B) 0.500 0.500 4.167 0.000 
2. Horned 0.506 (B) 0.944 0.500 1.500 0.180 

ILSTS045:  
1. Polled 144-198 4 0.409 (E) 1.000 0.674 0.429 1.500 
2. Horned 0.416 (E) 1.000 0.671 0.441 1.500 

HEL13:  
1. Polled 174-204 2 0.545 (F) 0.909 0.496 0.333 0.373 
2. Horned 0.506 (F) 0.909 0.500 0.333 0.375 

ILSTS017:  
1. Polled 105-125 4 0.500 (D) 1.000 0.750 8.100 0.500 
2. Horned 0.337 (I) 1.000 0.860 6.400 0.720 

All loci 
1. Polled 
2. Horned 

 
2.80

0 
 
 

 
0.682 
0.771 

 
0.517 
0.506 

 
2.672 
2.001 

 
0.505 
0.555 

nA = Number of Alleles 
FNA = frequency of the most frequent allele 
Ho = observed heterozygosity 
He = expected heterozygosity 
HWE = Hardy Weinberg Equilibrium 
PIC = Polymorphic Information Contents 
 

Observed heterozygosity ranged from 0.00 (HEL9) to 1.00 (ILSTS017 and ILSTS045) with 
a mean of 0.68 (polled) and 0.77 (horned), while expected heterozygosity ranged from 0.00 
(HEL9) to 0.86 (ILSTS017) with a mean of 0.51 (polled) and 0.50 (horned). The difference 
between the observed heterozygosity values and the expected heterozygosity indicates that 
there has not been a Hardy-Weinberg equilibrium. Changes in gene frequency from one 
generation to another that may be caused by selection, migration, mutation and genetic drift. 
In general, the observed heterozygosity is higher than the expected heterozygosity, which may 
be due to the presence of more heterozygous individuals in the sample analyzed 

The PIC value ranged from 0.00 (HEL9) to 1.50 (ILSTS045) with a mean of 0.50 (polled) 
and 0.55 (horned). The PIC value is low if the PIC value <0.25, which is found in HEL9 and 
INRA035. Medium PIC values (PIC 0.25 - 0.5) are found on HEL13 and high PIC values (PIC >0.5) 
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are found in ILSTS045 and ILSTS017. PIC value is one of the parameters that indicates the 
informative level of a marker. A fairly high PIC value indicates that the sample population is very 
heterogeneous and that there is little selection for certain characteristics. 

Genetic characterization studies are the first step of conservation programs [22]. 
Especially the genetic structure of native cattle breeds, which contribute to the world animal 
genetic resources, should be estimated using strong molecular markers [23]. Microsatellite 
markers are commonly used to estimate both genetic diversity and phylogenetic relationship of 
domestic cattle breeds of the world. 

CONCLUSION 

Bali polled cattle have similar genetic characteristics with Bali horns cattle based on 
HEL9, INRA035, ILSTS045, and HEL13 microsatellites. HEL9, INRA035, ILSTS045, and HEL13 
microsatellite can be specifics genetic marker for Bali polled cattle. 
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